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Figure 3.2.1.1 Exposure Screening MEC/MCL method of CECs with 
relevance in recycled water (from Final Report). 
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Figure 3.4.1 Comparison of the generation of iodinated DBPs by iopamidol or iopromide in source waters after 
treatment with chlorine or chloramines. 

 

This is presented as a caution to indicate the limitations of the principle that the 
removal of an indicator agent will reflect the response of related compounds.  

4. I suggest that an additional process be considered to complement the indicator 
chemical approach to determine the efficiency between the influent and effluent of a 
treatment plant process. The number of unknown agents in the feed recycled water 
may well be very high and these agents may provide the forcing function for health 
risks. By using global in vitro cell based toxicity assays one could apply a similar formula 

to measure the reduction of Toxicity (T) of the water ( T = [Tin –Tout]/Tin). Influent water 
could be concentrated by activated carbon, XAD or liquid/liquid extraction. The 
concentrated organic fraction would be diluted in an appropriate cell medium and in 
vitro assays using mammalian cells for cytotoxicity, genotoxicity and endocrine function 
could be conducted to measure the reduction in global toxicity associated with the 
treatment process. This would further ensure that the treatment process would not 
generate byproducts that may pose a public health concern.  
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3.5 Adequacy of the Selected Surrogates for Monitoring Treatment Process Performance 
 
This approach is to determine changes of a bulk parameter that can measure the performance 
of individual unit treatment processes or operations in removing organic agents from the 
recycled water. The principle is that a poor or less than expected reduction of global metrics 
such as COD, TOX, TOC, conductivity etc., would be an indicator that a treatment process also 
fails to remove or reduce CECs. 
 
3.5.1 Comments on the use of Surrogates for Monitoring Treatment Process Performance 
 

1. This component of the Final Report is outside my expertise and I have no comments on 
this area. 

 
 
3.6 Validity of Expected Percent Removal of Surrogates and Performance Indicator CECs for a 
Treatment Process 
 
Based on the literature, the Final Report lists estimates of removal levels for CECs for treatment 
scenarios. 
 
3.6.1 Comments on the Comparison of the Levels of Removal of Surrogates and Performance 
Indicator CECs for a Treatment Process 
 

1. This component of the Final Report is outside my expertise and I have no comments for 
this area. 
 

3.7 Appropriateness of Tiered Risk Quotient Thresholds and Corresponding Degree of 
Response for Evaluating Monitoring Results for Health-Based CECs in Recycled Water 

The Final Report describes a multi-tiered methodology to interpret the data from the recycled 
water project monitoring for health-based CECs. Using the data the Final Report describes 
additional actions based on the monitoring results. The reduction of risk for CECs with limited 
toxicological information is based on the use of a 105-fold safety factor. Should the MEC/MTL 
level exceed 1 then a series of actions are implemented that involve consultation among the 
recharge agency and the California Department of Public Health and the relevant Regional 
Water Quality Control Board. The tiered approach has five levels; (i) with 25% MEC/MTL < 0.1, 
(ii) 1 <MEC/MTL <10, (iii) 10 < MEC/MTL <100, (iv) 100 < MEC/MTL < 1000, and (v) MEC/MTL > 
1000. This design permits increasing increments of concern, consultation, consistent and 
prescribed action, and control by the appropriate regulatory agencies.  
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3.7.1 Comments on the Use of Tiered Risk Quotient Thresholds and Corresponding Degree of 
Response for Evaluating Monitoring Results for Health-Based CECs in Recycled Water  

1. After establishing a level of concern based on a ratio of MEC/MTL = 1 this tiered method 
to assign priority and process is consistent, rational and transparent.  

2. If violations of the MEC/MTL = 1 ratio become extreme (levels iv and v) after what was 
considered an acceptable water treatment process, one wonders what could be the 
impact of the unknown, unknown agents in the recycled water. Some overall toxicity 
metric of the recycled water and comparison against some standard may be appropriate 
and necessary. 

3. The tiered risk quotient thresholds provide a universal standard for individual CECs and 
indicator agents, but do not address the adverse biological impact of CEC or byproduct 
mixtures at any tiered level. 

4. The information on the toxicity of individual CECs should be upgraded on a regular basis 
and the MEC/MTL ratio recalculated. I am concerned that a level of concern could be 
eliminated merely by altering the MTL value. 

 

3.8 Adequacy of Monitoring Frequencies for CECs and Surrogates and the Phased Monitoring 
Approach 

The Final Report lists a proposed monitoring program to assess CEC and surrogate parameters 
in recycled water. The monitoring approach is phased in that it uses an investigative program 
for incremental information-gathering on CECs before and after recycled water treatment. 

3.8.1 Comments on the Monitoring Frequencies for CECs and Surrogates and the Phased 
Monitoring Approach 

1. This component of the Final Report is outside my expertise and I have no comments on 
this area. 

 

3.9 Additional Consideration for the Peer Reviews 

The Panel presented an alternative “preferred” method for deriving MTL values using a 
screening level that was based on allowable daily intakes. Section 4 of the Final Report was to 
find and implement an approach to estimate the relative toxicity of CECs and to establish a 
predicted no effect concentration (PNEC) or to derive a threshold of toxicological concern (TTC). 
The route for screening CECs that have the potential for toxicological relevance was to use the 
predicted or measured environmental concentration of the CECs at the point of monitoring and 
compare these levels with the monitoring trigger levels for each water reuse scenario. The 
calculation of the monitoring trigger level for each CEC is essential for the screening process to 
identify toxic CECs. As an alternative approach the Panel reviewed one system to systematically 
and uniformly evaluate each CEC based on the approach by Snyder et al [20]. This approach, 
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although it requires a series of assumptions, is rational, science driven and, importantly, 
consistent. This will provide a level field of comparison for each CEC.  The process based on the 
Snyder et al report to determine a monitoring trigger level was described in the Final Report 
and illustrated below (Figure 3.9). 

 

 

 

 

 

3.9.1 Comments on the Alternative Method for Deriving MTL Values 

1. The Snyder et al reference is a final report submitted to the Water Reuse Foundation 
[20]; has this report been published by a reputable peer-reviewed scientific journal? I 
find that a review by an established and respected journal tends to be more rigorous 
than that usually devoted to a final report for a foundation. Nevertheless, the use of a 
rational platform that is applied consistently to determine the threshold of toxicological 
concern and/or the predicted no effect concentration for the CECs is an important step 
in reducing the level of error associated with such literature-based calculations. 

2. In step 1 of the process (page 31 of the Final Report), the CECs are based on the 
parental compounds. Research has emerged that demonstrate that source waters that 
were contaminated with pharmaceutical agents had degradation products more toxic 
than the parental pharmaceuticals [10, 21, 22]. Thus a CEC could be identified as having 
a low toxicity risk and not be monitored because of its measured environmental 
concentration below the monitoring trigger level. Yet, a reaction of the CEC with a 
disinfectant may generate a byproduct that is significantly more toxic than the parental 
contaminant. This chemical-by-chemical approach does not address these types of 
issues.  

3. The use of the NOAEL to establish a base number for the application of the uncertainty 
factors is reasonable. Yet, the Final Report does not specifically list if this approach is 

Figure 3.9. The decision tree for determining the predicted no effect 
level for CECs (from the Final Report, derived from Snyder et al., 2010). 
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used only for in vivo or in vitro data. Should in vitro data be needed (especially for 
analytical comparative structure activity relationship information), how would the Panel 
recommend converting the concentration values (ppm, ppb, molar units etc.) to 
mg/kg/day units for application in this method to establish PNEC or TTC values? 

4. The derivation of the monitoring trigger levels for potable water is rational, consistent 
and is adequate for the process. 

5. I am concerned with the derivation of the monitoring trigger levels for landscape use. 
Although it may appear that removing the ingestion rate is applicable for the general 
public, I question if this could put landscape workers, at a heightened risk. Although 
non-potable landscaping water will be necessarily labeled, I wonder if the practice of 
drinking “from the hose” could be sufficiently curtailed amongst this exposure 
population. 

6. The use of analytical chemical results for the baseline monitoring data for many CECs 
and the comparison of these levels to the MTLs as a first level in the decision tree in a 
monitoring program is an adequate method.  

7. This method of evaluating the suitability of a recycled water stream for either potable 
water use via recharge or for landscape use ignores the contribution of the impact of 
mixtures. Unfortunately this has a low resolving power for identifying the forcing agents 
(unknown chemicals or chemicals with unknown toxic characteristics) in the overall 
toxicity of a recycled water stream as compared to some standard level of overall 
toxicity in a defined standard. 

 

4 The Big Picture 

4.1 Comments on Additional Scientific Issues that are Part of the Scientific Basis of the 
Proposed Rule 

1. My greatest concern, as stated previously in this peer review, is the lack of incorporating 
the impact of complex mixtures in the methodology of establishing acceptable 
tolerances in the quality of recycled water for use in groundwater recharge and for 
landscape irrigation. 

2. This lack of appropriate attention to the issue of the effects of chemical mixtures in the 
broad scheme of determining the potential health and environmental risks of treated 
recycled water contravenes the emphasis on mixtures stated in the Federal Safe 
Drinking Water Act. 

3. It has been clear to toxicologists that the exposure to harmful agents is not an isolated 
event that occurs as single exposures. Yet the majority of toxicological research and the 
resulting regulation has focused on single chemical exposures [23-25]. 
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4. In the arena of public health, exposure to a toxicant might potentially be altered by the 
presence of other toxic agents in which interactions can be additive, synergistic, or 
antagonistic [26]. 

5. Single-chemical approaches such as advocated in the Final Report can potentially miss 
yet-to-be characterized components and important biological effects resulting from 
chemical interactions [27]. 

6. Incorporating an evaluation of mixtures may provide more accurate descriptions of the 
potential risks of the chemicals present in recycled water before or after treatment 
processes. 

7. As mentioned earlier in this peer review, the decision to monitor a CEC based on a 
MEC/MTL ratio is rational and importantly consistent. However, recycled water is a 
highly complex mixture of many chemical agents. The addition of treating recycled 
water to remove toxic agents may only increase the complexity of the mixture in that a 
multitude of byproducts may be generated. It may be useful for the California State 
Water Resources Control Board to consider adding in vitro global toxicity bioassays to 
enhance the breadth of their evaluation of the recycled waters. To-be-sure one cannot 
define health risks based on in vitro assays, yet an analytical, comparative analyses 
amongst a diversity of recycled waters (before and after treatment) would be an 
approach to rank order these samples. In addition these recycled water samples could 
be compared to a rank order of CEC-based recycled water data. 

8. This in vitro cellular method has been used to analyze individual DBPs within a chemical 
class and compare the results to the U.S. EPA list of regulated DBPs [28]. Also 
concentrated water samples from diverse drinking water treatment processes, as well 
as from recreational pools have been analyzed and compared using in vitro cellular 
assays [11, 14]. It is not necessary to employ the specific cell lines or assays referenced 
above, but a host of specific cell lines could be used to measure chronic cytotoxicity, 
genotoxicity, or to analyze the metabolic activation of recycled water agents (human 
HepG2 cells) or to determine  endocrine disruption activity (human breast cancer MCF-7 
cells) [29]. 

9. Cell-based, global toxicity analyses of recycled water samples would require the 
concentration of chemicals present in these waters. No concentration process is perfect 
however, the most common water concentration methods include lyophilization, 
reverse osmosis, liquid-liquid extraction, activated carbon, XAD resin, and ion exchange 
[30]. Using resin-based concentration methods, an adequate sample of recycled water 
could be efficiently processed and concentrated for in vitro analyses. 

10. The employment of in vitro bioassays of a concentrated recycled water sample would 
provide a baseline value for the entire mixture of contaminants in the recycled water 
before and after treatment. Also one could directly compare the overall toxicity of the 
recycled water sample to a known regulated standard such as a DBP regulated by the 
U.S. EPA (e.g. bromoacetic acid). 
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4.2 Comments on the Scientific Portion of the Proposed Rule Basis on Sound Scientific 
Knowledge, Methods and Practices 

1. It is this reviewer’s opinion that the Panel has generated an exemplary Final Report and 
that Appendix A reflects well the intent and foundation of the proposed rule on the use 
of recycled water in California. 

2. The California State Water Resources Control Board, by establishing this Scientific 
Advisory Panel on monitoring strategies for CECs in recycled water, has taken a 
leadership position on this issue. This rule will serve as an example for the other states 
of the Union and, indeed, federal regulators.  

3. The proposed rule is based on a scientific foundation that is transparent, consistent, 
grounded in the best science available and acknowledges and addresses the levels of 
uncertainty inherent with recycled water use. This is a good rule. 

 

4.3 Does the Draft Amendment (Attachment A) Adequately Characterize and Implement the 
Panel’s Recommendation for Monitoring for CECs in Recycled Water Use in Groundwater 
Recharge and Landscape Irrigation 

1. Based on my reading and with my limited legal experience, the draft amendment 
provided in Attachment A adequately characterizes and implements the Scientific 
Advisory Panel’s recommendations for monitoring CECs in recycled water for 
groundwater recharge and recycled water used for landscape irrigation. 
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